;e3e> 1\ =1 =r>6>T>py$ 9 May 2002 Method and apparatus for deternining an

oper ati ng point o r anplifier of a comrunication channel This
i nvention rel ates mmm lﬁ@l’ and an apparatus for determ ning an operating
1

poi nt of a non-linea r of a conmuni cation channel, especially a
transponder in a conmilff'®ation satellite under load. In hi ghg ffa9@aeepcy

conmuni cati on ch | i near hlgh power anplifier nust often be
driven at its sat”m lmm“ wﬂ in order to obtain the naxi num possible

out put. For exanple ite, but without limting the invention to
this application, 1 fron1an uplink-station on the ground is received
by an antenna, converted in frequency, filtered in an input nultiplexer,
and anplified by a driver limter anplifier and a high power anplifier

bef ore beidthdd |dmd efppars bes 0fHP Ude Bathipd my cin adper&tingspbihedoso t he
ground. In order to prOV|de a_sufficient signal everywhere within the

satel lite foofpPPRCLineamnhaplidier &fpid GoBTUIRiSR oM Shanneh its
saturation point, i.e. the point of maximumin the non-linear transfer
curve representing output power vs. input power, as for exanple shown in
Fig. 6a. Tﬁmscﬂﬁv&ntﬂdmnte&atﬂqﬂﬁdi&ﬁm¢thﬂ§ argd arpragypptratoer fand can be
set to r%p one of two npdes. 1In |J§§ nod%kk_gdﬁggs as f.%lnﬁae | i near
anplifie tI‘?‘F“f’]%ntq AP R TP R A e s )%he i br MR AE Shafic | evel
control (FAARfgmmuthied¥ifon schwrirmall | yesupesiod oy ian Hnandpawdeddenia order to

2 9 My %ggamnlcation satellite under load.

In high frequency communicatibn channels, a non-linear high
power amplifier must often be driven at its saturation
point in order to obtain the maximum possible output. For
example in a satellite, but without limiting the invention
to this application, a signal from an uplink station on the
ground is received by an antenna, converted in frequency,
filtered in an input multiplexer, and amplified by a driver
limiter amplifier and a high power amplifier before being
filtered in the output multiplexer and retransmitted to the
ground. In order to provide a sufficient signal everywhere
within the satellite footprint, the high power amplifier
must be driven in its saturation point, i.e. the point of
maximunm in the non-linear transfer curve representing
output power vs. input power, as for example shown in Fig.
6a.

The driver limiter amplifier (DLA) is a preamplifier and
can be set to run in one of two modes. In linear mode, it
acts as a simple linear amplifier. In limiting mode, it
provides the function of an automatic level control (ALC).

The DLA is normally operated in limiting mode in order to



conpensate short termlevel variations due to weather influences. In
limting node, the DZA shall always provide the sanme output power to the

hi gh power anplifier (HPA), such that the HPA is permanently operated in
saturation. Even if the DhA is able to maintain the HPA in saturation if
the power received fromthe uplink ground station is bel ow spagdfagpation,

it is very inportant that the uplink ground station power is kept on a high
| evel since if the DZA has to conpensate for uplink power, the overall
signal to noise ration (SNR) is decreasing, as this is mainly driven by the
SNR in t | S pat [ ' he.uplink path in
this cas%%“%rae[)rln%%eﬁ% %%‘?%? g%ré/rg%\‘/%o?qgérsl%%égf%g%gplgr%a%&a}: S | npor t ant
to know timdiludrecd#PA Is bl mbtysn@pesdd edhen D3dt shaflliloalang st patovtilae si gnal
power fr the uplink station is hi,gh . enough in |level .at t tellite.
Thus. t he His diaid S QhRFEbr TS o il RO envEs: 2REEarry eB nover 11 ux
density amdreagiamedclaé tbe satmdtndreritlansperdeed NAukattRataom.i s that the
video signal fromthe uplink station is st_rongﬁenoug so that under clear

h )

weat her } thiforishe (PR HER L ddet gteHE ShPeftPRt éni §agpresa om _
saturati g Wil Sdige Phfebdh bd deBForMdfe uE'l'iﬁ_kCE}kbﬁhhoﬁtﬁk‘%na'fléao be met if
the HPA transfer curve has changed due to'aging. Since the uplink power is
not accutstlaw sarwhii¢ariomstidhces ivenyhdmppicicakti shadt tHenepfiom a site
bel ongi n t el i r at i tself):o5h ratj [ of the

hi gh po rlloglrrrlpc{]iesf?%l%%r#éf&gé%e]{gé)remozle )c}?i%} ??ggnfng%#ggr?%g@bﬁe downl i nk
power. ObIgnéddwarid tdvmpessahe far vl i®kMapweop2thbheofractlihatigokdse to

saturatign, the input. po y. va ew_dB ile the output power
will onl y &35 ’%!';s*g%mfgew&nst té%ﬁgéﬁgng ?get%mge%ghlgﬁﬁ?gyf a certain
anount ofdrdomsnl ibik floneSNR Sinedsurexdliielstcannage be tehetestigned phenher the
HPA i s operated bel ow or. above saturati.on because the transfer curve is
anbi guoué"%lﬁrbl}tspl}ihepd\‘r@l.nﬁ rPEtﬁHé'rnt 15e“84BFe to nonitor the total
received signal power at the HPA input, nmany satellites are equipped with a
power nonitoring system This data can be_sent together with telenetry data
to the sdtvam jthe qreint R HWRY 10F oPafSLlaEr SREERTPYesibeifig necessarily
equi pped ;W) B OWES DA HG{d NG Ry HEAM: st Eﬁwgggw@as}saeé tghs method is
that if such a systemexists 1n the satellite the related data consunes a
certai n &adwnatofon hand efhatetthe duitanadt POHATT F6ATt Beeswpbinkte to the
operator' : t,ad | i be;u Vi a.

Furt her, S’fchag!l&q?ﬁas’?eﬁ%éﬁ%%aﬁagfgﬁgﬁgﬁéatgg E?ge%%%%/{%%htta%ﬁgag%xi mum of
a few kbisatsl ey efpemtavers ifondes $at mphiteri segglapphedthet horepower

nmoni t ori SYS .1t is alsa pref | e r nts froma
ground st q%r#eﬁ?r?slt%%aa%freo%eblc%og atg‘{]gl?lsea é????é?gfg%ggngé§&§ggsons (i.e.
failure, isghght Tie tdim sid edddt ecled orideol nigddit £pomt bherasuinkg t he

recei ved power at, the satellite, a s%l i tg ope£at or is, perform ng

regul arl YAt i SERRE ek iSP &Pasr “PEeheGitRE ‘E"F\%tlg‘éﬁer flux density
requi r ed dghdirditshd hee HPAIB SitBlald OF tAef EasélTopwensi @pabeAeiiod, as
decribed in International Journal of Satellite Conmunications, Speci al

i ssue on Saturatipnmitpothe Wik ireddinggroRoesmiii € afF bhersapelPftes,

Vol ume 13,) Mifemen %%!ﬁﬁe ER95 (Ofarid¥ePEchred Ras4dBansakaquntgs AM
nul ling according to ich an anplitude nodul ated (AM “signal in the uplink
is used wgiglgi s swept in power until the anplitude nodul ati on di sappears
conpletely. This point is exactly at saturation. A second conventi onal

met hod of determning the transfer curve of the HPA consists of measuring
transm t sinttd etes ippbnlerpeden id et aacoretelyphknewallfpat h attenuations
have to be cancell ed out. Bo,trk)l,OT asuremgnt nmet hods }Eeﬂui re thgt t he

t r ansponddIStANRS 1Esthe LRk bt A doPR SERB 2 wdT HE, PEHRREEHF0LS si gnal

has to beswidpherh pfE it e deaH)S. the operating point of the

high power amplifier cannot be determined only from

monitoring the downlink power. On one hand this is due to



The necessity of switching oft the payload signal during in orbit tests
represents a consi derabl e drawback not only for the user of the
transponder, since conmunication is interrupted, but also for the operator
of the satellite since the tests have to be perforned in an expedited
nmanner to keep the interruption as short as possible. In songneg@e2it is

i npossible to interrupt communi catiords via the communi cation channel so
that the conventional nmethods cannot be used for testing the HPA after the
satellite has entered in operation. It is an object of the present

i nventi ophé OfREEVERE IBAG bR taRPgr ahkes ihptdJRide rihé‘;? fhrPperating
point of a non-linear anplifier of a communication channel. It is a further
obj ect OPYtaefeviveht ivBH ko YhreouwWeuduPRve mmetiAdd cady Aty aat appst at us
avoi di ng,t n i i raffi ¢y Vi h yni i channel .
s 9 May 30g§WTE§§€§O:?é%gscgﬂgﬁg#ﬁé¥&%ﬁﬁgﬁﬁg é?é%agﬁieve ﬁgﬁ%bﬁgthod for
det er m nbhgdowel bpkerpavwery ipoimeasyfred, ndit- Icanagt bepldefticamiofed

comuni cat | h wher ei first sjignal,is transmtted sinultaneously
with a s@%%ﬁgegi %%ﬁ{%}}]rl()sug esr]:aalac(?dc%%‘]fﬁ)?f: %%t Fgr?%ghasﬁr?é@aa?ﬁ%ai d operating
poi nt ofbsa@adsaocthé itrears farpldddiver iiss atdtiguousednoputtipe tbasdwe©f an out put
signal of said communication channel corresponding to said second signal
the input power of said first signal being such that said non-linear
anplifierni sroPeres asb idbla R noniedl: wadetardlt PeckhRdd RAWMH 10T said
second signal being beloia the input power of said first signal.

Pr ef er abP9WeF hat | Ea (HES i5mud . s 8@aNdSetghaiters appr euirpasB withhore bel ow
the |evel Ohwsalflodidoiingy %?%lt-eml.nTﬁ@spﬁﬁEﬁr egd sEbadhrent, eSéHegr second
signal is a pseudo noise nodul ated cl ean carrier signal and sali out put

si gnal ofitlai detomshmi catiorclifgneptelliter pespakdirngAredaifraecond
Signal o LPPOVAIAT AT 1 o] BRkschiR0ORARLABLAT GuA) RO ment, sai d
second signal 1s a cl'ean carfier signal an erern sai d output Signal of
sai d conmumicatimn stsdremgl ther despbadkngft bhiai desbodnd ssitdgpad iifs a
narrowband filtered carrier signal . _Adyantag sl referegnce values are
used tog%?%%ravf¥?F§ﬂﬂ9¥¥§§Fp&P §$§n3?t§¥i%g?d%§§nﬁ%%?@§¥% r%:(‘,ahannel
correspapshfgné® & addtt3aeoathosingnalf thedetdenkneyt Hataperatdang poi nt of
said non-Ilinear anplif.ier. 6.9 Ma

from the satellite to the opérgggg's ground station, which
could be used for other vital data. Further, the bitrate
of the telemetry data stream may contain a maximum of a
few kbit/s. Therefore, even if the satellite is equipped
with a power monitoring system, it is also preferable to
perform measurements from a ground station instead of
onboard the satellite, for many reasons (i.e. failure,

weight of the satellite etc.).

In addition to measuring the received power at the
satellite, a satellite operator is performing regularly
'In Orbit Tests' (IOT) in order to measure the power flux

density required to drive the HPA in saturation.

A first conventional method, as decribed in International

Journal of Satellite Communications, Special issue on In-



s These reference val ues can be pre-recorded for said nonlinear anplifier
and correspond to a transfer curve of said non-linear anplifier. The above
obj ects and other objects are al so achieved by an apparatus for determ ning
the operating point of a nonlinear anplifier of a conmunication channel
conprising neans for transmtting a second signal through sagfiay 2002
communi cati on channel sinultaneously with a first signal being gransnitted
t hrough sai d communi cati on channel and neans for determ ning said operating
poi nt of said nonlinear anplifier on the basis of an output signal of said
communi caihop FOSPDRY 6P EERROAYEAE1bAsSBhde3260RY, SYBARAke fRE | nput power
of said first signal "being such that said non-linear anplifier is operated
in a norNumpenr5modélandl®fe onpin PBwer3df 3dadd8seiondtnowgnals BM ng bel ow
t he i nput wer of said fipst siagnal. . erred. enbadi t, said neans
for det drATRrTG SoraPbaratf nutheineno el foenEr R RRa A or Son' ne
basi s ofsagnaut puttseguplink $ai dsednwhiichal soawepannal poakteapeadi ng to
sai d second signa onpri.s ans .for storing reference values to be used
Coet hor it AL o g8 Boeo CrERan ot SeRPHEBnHARPLEFROR. cliBifepoint
correspongli agatorgantl sgeapdtsbgnah kecontiecshtienthenapemathag pei nt of
said non-linear anplifier. In surrmarsé,6 faor determ ning the operating point

a

of a norfi¢ReERIAHRY| Fher teanal ebnAtANe Pfoﬁhﬁhﬁﬁﬁef?nFéﬁtéxaﬁple of a
transponges siPi g COPANShEA ARA PateLvt BowarfbEsh tDBHAh carPilRy 2002
signal is transnitted through the comunication channel at a power |eve

whi ch drwlveset &bl mpathi acbenaapliersehava honda- Fppeatlegeputi oRokbde. I n
additio ' t. Si ' s apsm,Lie h o] i.cation
channel T PEEREEChPRY mELABR +8abi eOTERRE Cthl T PLERpb A RNELER P
is transtesteils atot bperdtbdl ointheheevebrds, theefpagloadpaigsagnal . If the

contribution_of the second ippu i gna o] total input of the
non-Iinéﬁ?SaB%I??i%Vl ghiﬁa?ff é%gigge#%%igégg%int of the non-linear
anplifier is determned al nost only by the first input signal. Therefore,
the output power corresponding to the_second signal is determ ned, nost
strongljg%§ BREETFrbbY 3gmﬁVlth%%% ??Fsghéi@ﬂﬁigaghﬁlgﬁﬁ agFﬁanoFﬁt of

sai d nonotbieafe P! réppesbhtdes ecfhpedepablbedbagbackf nad eHl pukosi gnal of
sai d communi cati on_channel correspondlngFto sai d second signal. To achieve

t he abovEn®ppee¥ sohntihet heansBPREEE. t fid et

g
By _ _ RVEATPER-FaFER8r 1Pr ovi des a net hod
for dete i olpertdg, OBGE 25198 BOENEnef opepfoti Heatnanphibieicef a
comuni cat i on channel through which a gayload.3|gnal is transmitted at a
predet erpined theectestonhpavei hg: Pgecneriprngdaini 28t eprediiberdonavnsignal
PN(t); u ' Ler_ Si FLL) M i dyfii pseudo noi se
si gnal gk§t#é%%ng%%eggﬁgggﬁgiﬁggdﬁ?agggkgIé%npﬁg%F?gg'sFéngﬁﬁ%(t);
transni ttasgssat diPNimpdssabbke tdedntearvpercengwaicatipnsi widt bheously
wi th said payl pad sign t hr ough i j i n a |l evel
beIOM/th%oﬁgéﬁfcﬁ?lggi%hﬁﬁﬁ?gagosﬁgég ?Rggggbggﬁgfgngg?@Fgéog%gnal s'(t)
cor r esposghngttice sasddPEbpodesaing theaHPRaafter shgnahtelljtafhas havi ng
travel ed through,said 8.9 May 2002 commruni cation channel; correl ating
sai d rec®vBrefgh3) OBeray1QRth said first pseudo noise signal PN(t) to
generate a recovered carrier signal f'(t); and determ ning the operating

poi nt of said non-|inear anBIifier of the comruni cation channel on the
basi s of I§ai@ anegRjiesgtrpErthe present invention to provide a

method and an apparatus for determining an operating point

of a non-linear amplifier of a communication channel.

It is a further object of the invention to provide such a
method and such an apparatus avoiding the necessity to

interrupt traffic via the communication channel.



signal f{t) and said recovered carrier signal f'(t). Advantageously, the

| evel of said PN nodul ated clean carrier signal s(t) is approx. 20 dB or
even approx. 30 dB or nore below the | evel of said payl oad signal.
According to the invention, said first pseudo noise signal PN(t) is a

bi nary pseudo noi se sequence, said binary pseudo noise sequqygg ?@@Qg
generated by neans of a feed back shisft register or a nenory \ in

whi ch a sequence of values of a pseudo noise signal is stored. Said
correlating of said receive signal s'(t) and said first pseudo noi se signa
PN(t) can be achieved by delaying said first pseudo noise signal PN(t) and
mul tiplying the del ayed first pseudo noise signal. PN(t) and said receive
si gnal These objeatpr ehdr o&tieenbbdiestst are gahneiveddbiyermmmedtiodn t he basi s

of said_.cl ean rcier signal f .and i.d recovered.carrier signal f'(t)
and saigo a|ﬁt%smﬁggagtSggeng%%kénghgggﬁguP%pgmano#l?%%& payl oad si gnal
Ref er engapudlfiesr afeausesmunidacive thamnedi dwharsihhe ifMpdt power of said

ayl oad signal, said reference, values having been pre recorded for said
hon- | | nEXETApiLeT EERNSF CEERr SLBRLEAGSRUSLY B2 bhy 20665984 A160~Ye or

transf ethewiy® 8higatemiOnikhfeah aRBhhkleknaveaitihgpkrawt ngopshingf said
paylOadoglgggb'non—linear amplifier is determined on the basis of

an output signal of said communication channel

corresponding to said second signal, the input power of

said first signal being such that said non-linear amplifier

is operated in a non-linear mode and the input power of

said second signal being beloWw the input power of said

first signal.

Preferably, the level of said second signal is approx. 20

dB or more below the level of said first signal.

In an preferred embodiment, said second signal is a pseudo
noise modulated clean carrier signal and said output signal
0of said communication channel (1) corresponding to said

second signal is a recovered carrier signal.

In another preferred embodiment, said second signal is a
clean carrier signal and wherein said output signal of said
communication channel corresponding to said second signal

is a narrowband filtered carrier signal

Advantageously, reference values are used together with
said output signal of said communication channel
corresponding to said second signal to determine the

operating point of said non-linear amplifier.



The met hod according to the invention is advantageously applicable if said
communi cation channel is a transponder of a communication satellite. To
achi eve the above objects and other objects the invention furthernore
provi des an apparatus for determ ning the operating point of a non-I|inear
anplifier of a communication channel through which a payl oadggizgRgbai S
transmtted at a predetermned |evel,6conprising first pseudo noise signal
generating nmeans for generating a pseudo noi se signal PN(t); first

nodul ati ng neans for nodulating a clean carrier signal f(t) with said first
pseudo noi se signal PN(t) to generate a PN nodul ated clean carrier signal
s(t); transmtting neans for transmtting said PN nodul ated clean carrier
si gnal gshekesirmfdmiremisial wd hesmilde payed-aseb st dpd| £éhr oatpd rsen-d

conmmruni cati on channel, at a | evel bel ow the |evel ‘It sai d géyl oad :si gnal ;
recei vi hgPREENE ﬁi‘&‘”eﬁﬂqwd:%r’?%%%‘i’%% 9 fhat TR TLE oY Hefto said
PN moduhated i ele@an Eﬁ@’ll’lﬁ_l’eISI gnal s(t) after having travel ed through sai d
comuni cation channel; and first correlating neans for correlating said
receive signal s'(t) with said pseudo noi se signal PN(t) to generate a
recover 8gCabjoh@l HMM s farld Jot MOV aph feaIside 416 | 848 ettfq 334 PN

nodul ated clean carrier signal s(t) is at-least 20 dB or even at |east 30
dB bel owpphgatarselfay detiermyayinadile gergrating moHy @GR Mutording to the
i nventi I g3y ed}% n is a feed
back sh?f[ifler%%gi S érl%lr&:%r?e%o%é@ﬁ%/r?%e morg whi ¢ aélsg:qu nce 5% val ues of a
pseudo neiase fognaﬂrairfsnmmned; arsesu:mmxhrqn,grfair tetargh mangithe operati ng

poi nt of a nonlinear | i fier comruni cat.i.qn ch for exanpl e of a
P F ans poRBRS 2 g ore S At by D o iefiad T (1) i <
nodul at Beiwigt Itrermrewetcemmmwgrgrwdlfwdmmawms réeHdratk 1t rzrrmJgh t he
communi cati on chanpel at a |evel, bel ow the | evel ay| oad si gnal which
is tran¥fPPSedoF £KURFTHIHRMI AT FPTHRNTY RIIRA toaﬁiil Y'°0he recei ved

signal $'iGlhd sngAriralat et Wird &h@@%@ dlﬁQitﬁipd’ipleiﬁgrir‘dlgﬁﬁﬂ FNd) to

obtain a recovered carrier signal f'(t). The power of the clean carrier
si gnal FORTUAAE3ET QThChasmsle reAr (aFRoRHing ditalsaid Segand famaly det er ni ne

the gai gyl steesianale A Iy d e RRS 1 51 Gl BATRIG AR (aald braton

curves) t put “power of e payload signal. Since the PN nodul ated cl ean
carrier n@mgrla,ln&ea(n )ampslltﬁmm& teperated ligwa aesl-linean Hmiﬁsﬁblce to

perfor t t {. .S f h i nput
power Whi g’l%%?gmﬁ'fe#g c{]fﬁleé opdemrga %‘g&p%itélo%eﬁhq@ non-11 near %%ﬁ fier.
irrportapbwmiva:rﬂ agel dffitdss neitdroadl and t he apparatus according to the
invention is of course that the payload signal does not have to be switched
off for performng the neasurenents. This limts considerably the downtine

requiredr @r praifdmnnancaddineait f i satd aeafs tfor cderamiigdrigrsadlannel , and
t hus incr eases avai | abi | % of . servi %]1%& 2002 I &) e foI | owi ng an
enbodi MORETGHE M ROAEniTorahd My TSRS GRPY A oA e A %and it h
refereneg @ tdiftput signal of said communication channel

corresponding to said second signal comprise means for

storing reference values to be used together with said

output signal of said communication channel corresponding

to said second signal to determine the operating point of

said non-linear amplifier.

In summary, for determining the operating point of a non-
linear amplifier of a communication channel, for example of

a transponder in a communication satellite, a first input



drawi ngs. Fig. 1 shows a schematic diagram of a comuni cati on channel
conprising a non-linear anplifier; Fig. 2 shows transfer curves of a
non-linear anplifier; Fig. 3 shows a diagramof gain difference over input
power of a non-linear anplifier; Fig. 4 shows a schematic diagramof a
transponder of a conmunication satellite; Fig. S shows a sch%ﬁtiﬁ?@i agram
of an enbodi nent of an apparatus accotding to the invention; Y . 6a
and 6b show transfer curves and gain curves of a non-linear anplifier for

| arge and small signals. To describe the invention in a nore general

appl i cagigRalFii@ thaghows: ted ORRRIQRMIIRN channel cde CONPELshAg1aapon |inear
amplifier 2 for _anplifying the signals transmtted through the
conmuni @aPPYRIcA&Vied Whifch diptves iHputmerghitear japkiferahni Aput 3 of

tcﬂgnﬁgrmilﬂi—fcghig% %?)_%f}gﬁébid'n hdtfe Si aa{daf@:mlr,_esa tdL ouah %Hﬁuﬁomm”i cation
, nplifie y the non-linear anplifier 2, an S output as a
total osigodlsiignalraDsatitaredutiprgugh dfhe heorwrmgd toixdn onhshaabel 1.

simultaneously with the first input signal. The second

input signal is transmitted at a level below the level of

the first input signal. If the contribution of the second

input signal to the total input of the non-linear amplifier

is small, the operating point of the non-linear amplifier

is determined almost only by the first input signal.

Therefore, the output power corresponding to the second

signal is determined most strongly by the input power of

the first signal. The operating point of said non-linear

amplifier is determined on the basis of an output signal of

said communication channel corresponding to said second

signal.

To achieve the above objects and other objects the
invention further provides a method for determining the
operating point of a non-linear amplifier of a
communication channel through which a payload signal is
transmitted at a predetermined level, comprising:
generating a first pseudo noise signal PN(t), modulating a
clean carrier signal f(t) with said first pseudo noise
signal PN(t) to generate a PN modulated clean carrier
signal s(t); transmitting said PN modulated clean carrier
signal s(t) simultaneously with said payload signal
through said communication channel at a level below the
level of said payload signal; receiving a receive signal
s'(t) corresponding to said PN modulated clean carrier

signal s(t) after having traveled through said



12 9 May 2002 . As can be seen in Fig. 2, which shows a transfer curve A of
a traveling wave tube anplifier (TWA), as an exanple of a non-linear
anplifier, a non-linear node of operation is effected if the input power pi
of the total input signal | is high enough to operate the non-Ilinear
anplifier in the non-linear region (a) of its transfer curvegl\#n f@e
applications the goal is to drive the gwon-linear anplifier 2%i %
saturation point as indicated by Sin Fig. 2 to obtain maxi num out put
power. As in the linear region (b) of the transfer curve, each operating
poi nt of .cto%u’h‘%{}JAtr!F&ﬁ é‘ﬂ&’ﬁ#éi?%dﬁ tfbeti’ﬁ%”'s'a"ﬁe%r ce§¥e0R (A), i s defined by
a speci ficinput” power pi of an |npuet sigmal r“and 8 d6r Pé di ng out put
power Po sdf(tan wdlttlpud a 5d ghit s O pfeuddee rodwausigabiloBNdhanmel . | n saturation

t he input signal provides an,input, power of Bl orrespondi ng .tg an out put
power of GRETRLS Rl LT e T TR OLag £ JET fnpte SrgramiPLng
transm t @@ tdpequali A epSORPLEE i maihanmehrlanplarheweiof @yl el, which
drives the non-linear anplifier 2 in a non |linear operation node. In

addi t i on CoAmEESIRE§ o uEhanepl| on Xhes basdds fift fa4dt Rr6aEN e iedmuni cati on
channel L;g/mil tneoushy ¥hid I8 Jdrett daipybrstagabil k- (Ehe second i nput
signal i2 1's transmtted at a |l evel below the |evél of the first input
signal Il. In other words, the input power PlI2 of the second signal 12 is
| ower th i wer,. e fi t fisr Sj I e contribution
of the s%‘craic‘)'tnag1 |ar¢;;é3c%ﬁss|)8’na'fh? gi?‘gelt r?re}etso £ tPan%518{3&%?1%!3ﬁleC];\Lc(?%illilll i near

anpl i fi ecarxrismaldigridie opey atd rappp@iznt 26f dBhernewehi apatoanpBiof id®r i s
determ ned al nos nl the first input 13,9 May_ 2002 signal.

Ther ef or €F 9% %R%p%rfw & P FoRAVA§ 03 L8R3 econd signal 2 is
determ ned nost strongly by the input power PI1 of the first signal 1.
Thus, any variation in input power of. the first si ﬂagl Ecauses .a variation

in out pubrSSERIENG GhetRRcHNFG I SaEs LdRPEVESE pi-8€t siF8adecond

i nput si giglt)shauld hensepe ddudd n?fl séBsequbBee, depandingrgn the
application, belowthe first input signal. This is indicated in the |inear
regi on (PSeWoEnPlse ir@ertheing ggnsreted Pyee2ngpPEsentrhg t he out put
pover of k3 SiMalls 41l ¢ SLEOR! 0P| P lcfbr30 NS e 16 LHRLL ROWBGUBhAR | ar ge

i nput signal. As also gifndl cated 1n Fig: 2, in the non-linear Tregion (a) the
transf er cfuried B fof he peewinl naimet ssiogaadl ifaftereds nuch faster than the
transfer curve of the first input signal so that any variation of the

out put power of the second input signal caused by a variation of the input
power of stahel fdorstelaipitg so fredid aedee veeasgnat suh) easdesaad | ong as the

part 02 qf, the output signal_ O carr ndi_ng,.to_fhe second i nput signal i2
can be sggﬁ‘fr’sgi é’c?efLFCg?n?%gs%aertgrﬁ gﬁﬁgﬁecgﬂt Bﬁtas?bﬁgFgoggorrespondi ng to
the firsiddlypuimsignod firstpdaudicalondel sifhgl BN (Theamdparation of the
contributiqQns and 02 of the first and second,input sign 1 and i 2,
respect i \’i‘%ﬁ)’-}ﬂ%’tr}ﬁé he l%‘f%ﬁlrétnﬁ’s?eﬂgoa’&‘ﬂ?’%?eﬁlgﬂageggiEb di fferent
ways. ForrRKkagle rddeite didridl iy .signal 11 is a FMor QPSK signal, the
second input signal i2 nay be a pseudo noi se nodul ated cl ean carrier signal
as will be explained further below in greater detail. By correlating the
out put si i p %5’«9!:%‘ sSe _Si | ;Us : epat | t he second
9 May 20(}%{1?41&:’54%%1%?%@&1 I nﬁ{f’caar ig?ll élggﬁgfég%%]ﬁgg rgg[cgggr ed. The
recover edasdry i saiphatlempresorntey signadt flt) shgdasadd cercpweperddi ng to

t he second, i.nput sign L2 l.ter iye, C i si gnal

coul d be F%1&4n scla?q'F“-T‘aJerf sf"qﬁ;ﬂnacﬂas\%lr?g gjaﬁ%‘r égu‘é‘%\%g %ﬁi g%gg\%%?gé

det eri or atHeonmfut heower ot saiplitpasilgreal shgnthe Referennpuvaldugsal , for
exanpl e having a, frequency outside the frequency band of the first input
Stgnal . B SATGhE O Yor shRP (b @ LBrgRIPTD BPREReOFr 8gdEney of the
second i Huk1 GHONH ghAE, PRE{d Ao ffrdnit’ 920088 hapuhgsSbeeal piké-in the total

out put signal 0 can be determ ned. .
recorded for said non-linear amplifier and representing a




According to the invention, the operating point of the nonlinear anplifier
can be determned in different ways. If the input power of the first and
second input signal is known the output power corresponding to these
signals can be neasured and a transfer curve or a gain curve, an exanple
bei ng shown in Fig. 6b, can be obtained. If the transfer curgghi%opge gai n
curve is known, the input power of thé first input signal driving e
non-linear anplifier in a non-linear node of operation can be determ ned by
transmtting a second input signal of a known input power through the
conmuni cghiQncGReangk arRdnBeasubLRG e BE @uliBULHOPOWAN & rAgPONE i &g to the
second input signal. It should be noted that in the non-linear node it is
di fficuleve¥ Boe inpvsspprertefdepddnPaylere sAagB@lpower of the first
signal fromthe output power of the first input signal, especially if the
non-linear anplifier is to be operated in saturation, since even relatively
| ar ge vdrhatmensodnacaputdipgwee teesulinvientaphy is| agiviantargeadiusins 15 9 May

2002 i n out put wer .of _the first.signal, respectively. Further, an

2o gut (SPREF B £ naandner iy 2p83Ren cRRBRRT e % FRARGIREE nt S as
can~be sefnaidommgnidagohhshtéheikeput power cannot unanbi guously be
determned if a certain |level of output power is neasured as two | evels of
i nput power correspond thereto. However, according to the invention, the

i nput poreraehisbe £heshpbsignabjands khar etnee, obheceperdld ng point of the
non-linear anplifier can be determ ned on the basis of the input power of

t he secoH$mblensfyrbleaRere NerevansfepRcAPREr8FYEh&éFai n curve (or any
th i i hed ti .t d
other I epdEoaRiAln ntﬁ%&?%r?ﬁgﬂéeg6§ﬁ'ﬂ Bedar gbath QR ehet vsg%ﬁﬂeeé arge an

the small 1 nput signa ond input signal is a sl gna

conpar edof o2t hpemhiinscathpot chagnal , thyoughl ehihel abpeyloRsr sdxomeil e, as
shown in, Fi L e_putp h on L P ﬁﬁgﬁyred to be
Po2a thgl rg%%%%?iéﬁégeag %fH%%ggggégﬁheéigﬁggifzggﬁbg%%lpﬁé eterm ne the

i nput poesudd hbeséi ssynsiggaherbhtingbmePhbafort beneratdsugr iang t he out put

power of the.first signal_at_all. Oer | tiod the transfer curve and
t he g&l?%ﬁﬁ%% %?lfﬁegﬁ%ﬂgfi%gé#)a FfF?e?8§§§Q§ a 986883 Faréging
Accor di nipdwl dbEngnyeolean, cstchea shgnge 6fti heithasafier fduwste can be
detected b etermning th rating point of t non- L.i near lifier on
he basiBGHIF | RaLSanaLaReonl T hpukSoPBRFEtR12all POSHE ERUCHIATI | nput
povers pddranér PsZgih1 Weieh; atﬁaﬁ@ﬁ%tiﬁ?_xﬂ@éﬁslrfﬂg thenishdictigieal out put
powers Pol and Po2 corresponding to the first_and second_i nput signal 11
and i 2 t$RiQpRN anedylpbrdt ctedn bearrisrosMapabodit defdrmiliadeams lcbnpar ed
to the QPPEﬁtéQEdPgwi 48" Ly&Sa PN hP8uBASLS; Af cbhfRuhiaagfieh curve (or any
ot her representation tﬂereof . To explain this aspect of the invention in
sone furcheengbtat|a Feyel pehowsthediayeantfepridenavhgad gaiomadiif f erence
bet ween J | I d . n L9hale Ly ain Il ' gainlarge~
Plotted %éé§{¥%§&i%%%ﬁgpgﬁgrr%ggfﬁgﬁgigs?égggngl.lgPagn%ogg?ating poi nt
(Pla, Poxdrisspenéingntd ssideBlrinbddlabedechhdnthchsraetr signiad pre

s(t) after having traveled through said communication

channel; and first correlating means for correlating said

receive signal s'(t) with said pseudo noise signal PN(t)

to generate a recovered carrier signal f'(t).

Advantageously, the level of said PN modulated clean
carrier signal s(t) is at least 20 dB or even at least 30

dB below the level of said payload signal.



recorded curve C, aging of the non-linear anplifier has caused a shift of
the curve, indicated by curve C. Al though not shown in Fig. 2, a simlar
shift can also be seen in the transfer curve of the non-linear anplifier.
For the purpose of describing a nore specific enbodi nent of the invention,
but without Iimting the invention to this application, Fig. insg® t he
conponents of a transponder in a commumi cation satellite as 8 fg wgle for
a comruni cati on channel. A transponder of a comunication satellite
conprises a receiving antenna 11 for receiving an uplink signal (= the
first in j ) f in (o]*1 t at.l (nat. .shown) ._-An
out put s%‘#\%&%{@iaﬁ'%et;}ﬁa%e%@%gtgﬁbén%ggélf?gs?eggtegagnﬂlgtﬁga Sd'e%%ﬂ i pl exer
(I MIX) 1lyai¢matinequeatty ¢Hnvessaoheed baefuehiytconudster bz aSai d i nput
denul ti pl exer 13, conprises several fir st fiI%ers 14-1 %o 14-n for

separ at i RN AT SHyndr sl € hf RIPABCEI Ghal’ 24 P6T Phe2aRSEMIR

Typi cal | \aode didd£xr is Proveéded for each signal to be separated fromthe
ot her signals received t~ 9 May 2002 via said receiving antenna 1 and
corresponds to a conmmuni cation channel. The n output signals of said input
demul ti pl s A € p i cdei wer Ll irniter
anplifief§¥%%a-1.€¥f]éggngéﬁéFﬁgﬁﬁﬁ%oggg gﬁ%????2?38§%%?18?0a15O?h. I n each
of the hikngonampiplidl 08 a companiagtanechabeel TWipri sxemplleyed f ar
anmpl i fyi t ' S, 0 il d i xXe he hi gh
power anp |f$§%ﬁ%ﬁ%’%%b§ né%%hﬂéggﬁ?%%arggg%?%?éré %g\?lag\;g a transfer
curve anccapariexwianals f 0d) chs edodiylatedewiphi a Psgudéanande6b,
respectively. Jf t, set,to | i LV limter.anplifiers
15al to 1%%§§F%u%§@§%rﬁﬁd|Fr t?%ggg%dggg ?ﬁgﬁngﬁkhgg?%%ﬂfcgﬁéﬁgl recei ved
fromthe ¢ciguie demild i jpdwxerbdBobetheelbeehgofed paylbadr espeatli ve high
power anplifier. The anplifier output signals are passed through second
filters MP4CR o SLETPRATIHE & evb%rghﬁfc%ﬁmﬁﬁfﬁﬁ{:lﬂ’gl ¢haneger (owux) 17
combi ni ngg {hel thridBld Iy erriodit Paike $-88ak SgndNes oyt pui s skgpakbigkesai d out put
mul tiplexer 17 is fed to a transmtting antenna 18 for being transmtted to
t he desi rédtharide crathepwiodoise sperati Y (pdi ke optadbhaof said high
power a i fd P | = epends. h | gad-8L0 the first

i nput siwg’!n%%‘i’%?%%n%t]ahgerlup ﬁ’ﬁgﬁ?guﬁd‘gf Aty %‘tﬁ,ﬁ opey o2 Bﬁ?ﬂ Bgﬁg& d be such
that the caprids exidnaldrf (feh amd oht that Ferovaredderrrdeschieralnaxi num

out put po { I hi t L ped. Li LONS,, ¢t dg i | Lyt
anplifier%eggaﬁ%&?én¥§£?%?€%% e se% gh%ﬂ&% gtogagﬁeo%iégéé hﬁghgéower

anpl i fi ershe soapiey atfedreferescsavaltaesohcapbinration cheveeasuhenent

descri bed, below the driver lim a ifiers. | i [ eration

9 May 2005“9%$/RQ%§%H g’fh@t?%yiﬁé%ng?%%%iingﬁgégogﬁ% %ﬁa??gﬁﬁﬁfgg as shown
in Fig. Sblfamxﬁﬂmknéuﬂs%?ﬁﬁgnaktPhif)tra?gmgegadﬁdtﬁa beanieokla pseudo
noi se sigpal , generator 19, for_exa e a fee ac ift register or a
Torory  debt b5 HPAIIIIE £ daPERRER ORGSR EEBERES avbtBab ABLEERSPGnal | s
stored. Ther poesidoa I £e S1ignal , Pike) ihpst apyney shakRiad! edihehat i on
function at zero delay. This allows to determine the tinme delay between the

| ocal | y gehereperriprd e sef stiRanopntineanqa@PiiEéfyed signal which is
del ayed due to the propagation tinme. A clean carrier signal f(t) is

nodul ated with said pseudo noise signal PN(t) by neans of a first

mul ti pl i en2imporfantn adwahbadel af ebhe| makhedr andr thegappasagus ) -- PN { t
) x f (t P I N, gar ki k@n ( [ 0 an
upconvert%%c%ﬁ gﬁ %#gagyhﬁéﬁg%gggﬁ é%p??f?é?§§g ?%agn£gﬁt§ﬁ%§g3§ whi ch
transm t ssigeaPNiomsiulct edacéeto bar switchednalffsfor perfbemsegomtiel nput
signal) to the transponder of.the conmuni.catjon tel.lite.under test.
However W?%ﬁ?f?@@%#%g¢ﬁhh§ i%mégﬁssP“FFQﬁ§ﬁP?¥iﬁgead839§6Q8 signal to the
satel | i t epefhieréd af\sPONGENtERARLEASaHAabkei BilEbBgohhest €BE and can be
continuously supplied with a payl oad signal. According to the invention,

the | evel conmupkCaiber nehanpepN aBduthuedinresasesr pvet labgddrtysed) is
sufficiengly,pglow the level of the payload signal, for exanple about 20 to
30 dB or nore, such that the payload signal is not notably deteriorated.

For this reason, the PN nodul ated clean carrier signal s(t) can be
transmtted while the comruni cation channel is in use, i.e. simultaneously
with a



19 9 May 2002 payl oad signal being transmtted to the transponder of the
satellite fromthe sane or from another ground station. In the enbodi nent,
antenna 23 is also used to receive the signal re-transmtted by the
transponder of the satellite, in other words the signal which has travel ed
t hrough the comuni cati on channel. The out put' signal of ant eg %%O%E
passed t hrough a downconverter 24 to ebtain a receive signal §&Wt ichis
fed to a second multiplier 25 receiving also the sane but del ayed pseudo
noi se signal PN(t). The delay is generated by del aying neans 26 which are
set such that the output~of the second nmultiplier 25 becones maxi num
Thereby, _the, receiye signal s' (t)...s |t pl.ied. 1n other wrds correl ated
W th thelgeglﬁesgﬂ%iﬁ‘é%ﬁ oaﬁlofeg‘é)()sqlénr?e{’lqulgﬁ( fp“&—’evﬁ?g nﬁégnbgéﬁ)ug‘éd for
gener at i dgsthebPll imdytrabedrcdedaidaandewishgnafeséheand gheecover ed
carrier %ignal f'(t) is obtained which is only del ayed and attenuated in
conpar i sOhWiEBSt he clean carrier signal f(t) The path attenuation is
constant as free space | oss does practically not vary with the distance
between the satellite and the ground station. Since atnosperical ‘

at t enuat Fd8 - chnsBevaeas SFBETRLES FddidFREt 8fs2 PPIRERiGRtI@Ren i nto account
as wel | gal b r d {50 .at the correspondi ng
frequenc?%gﬁﬁgﬁugéﬁ?ggsﬁﬂgu? gg%éﬁaﬁgafhgmgF%gﬂggérrier signal f(t) and the
out put power of the recovered carrier signal f'(t) can be neasured to

det erm ng. § he,gaj f ' L.gnal he - gpuL.. P f . pad signal is
deterning &bnztgggggsF%ggsfggig®§§?§ §£d90?5?e$£§é%§eanghgggé? cal i bration
curves, which are shown in Fig. 6a 20 ~ 9 May 2002 and 6b and which wi |l
be explalned in greater detail further helow. I1f for exanple as shown in
o Bb FhE" gai RHOFS: AeARHP TS PhngrPs THELerFate 1 §V6% TPta RET nput

power ofofhe hangeifkgpabhmpsifledd. Here it should be noted how powerfu
this measurenent is conpared to neasuring the output power: while the

out put power of the large signal changes by less than 0.05 dB for the input
power vafy%ngquﬁah§>QBwehema%i@Bdihe@aaaba of ttdessomhér ségnal varies by
alnmost 2 dB. In Fig. 6a, transfer curves for a large signal (A) and three
smal | sigaENyn{eatipn spBRldy&ria travel i ng wave tube anplifier (TWA) are
shown. For sinplicity, the values are given relative to the saturation
point of the anplifier. This neans that in Fig. 6a 0 dB i nput power
correspolig-tb €hdBsoat pahepaterc. dfkgrenr eé anee¢tbeidyrents ¢Blan B2, B3) are
20 dB, 3 ow t I i gnal espectively. In Fig. 6b,
gain cur%%§§¥%?ggh§8Fggagséig%aPﬁFA?Bgﬁaﬁ%ﬁg’t%?%e smal | signals (Bl, B2,
B3) are shown. Again, the values are given relative to the saturation point

of the lifper_s at.in Fig. Sh 0 _dB i.np p. orresponds to O dB
gai n. Asaf(gﬁe A ﬁngf %EhéhSHaFFgé‘Fgﬁé guggég %}6 %%\%én%u%\%es[ hoepianput power
di f ferenaenreintbyeahpliilicekrarege diagoal ahdtswaly shghdlkesi nput power of the

| arge signal, the gain curves for the three small signals overlap
conpletely. The above descri bed transfer curves and gain curves, shown in

Fig. 6a a8ddéberahe eRbalingEnesonalinbbambes genyesl faspracdtasm~.ifier in
the satellite in order to determ ne the 2] 9 May 2002

Fig. 1 shows a communication channel 1 comprising a non-

linear amplifier 2 for amplifying the signals transmitted

through the communication channel. If a total input signal

I is fed to an input 3 of the communication channel 1, the

signal traveles through the communication channel 1, is

amplified by the non-linear amplifier 2, and is output as

a total output signal O at an output 4 of the

communication channel 1.



operating point of the individual anplifier |later on) Advantageously, the
calibration curves are recorded iri the formof reference val ues which are
stored in appropriate storage neans for being used in determning the
operating point of the non-linear anplifier. For measuring the calibration
curves, a large signal and a small signal are generated mherggﬁhﬁgﬁﬁpll
signal is for exanple 20 dB, 30 dB, or,,90 dB below the | arge %Y .~ The
| arge and the snmall signal may be a clean carrier or the l|arge signal may
be a FM or OPSK nodul ated signal to cone as close as possible to rea
operation conditions and the small signal may be a pseudo noi se nodul at ed
clean carrier signal. Both signals, i.e. the large and the small signal

are conbiyne . rgﬁiqi ed:to 4h %ﬁﬁﬂ&?r T | t ,Si gnal
recei vedp%ydcan ganéna iisﬁflgjaé’t oé’t ﬁ%ﬁ{lﬁgut 0 t%et{blqb%P%%m%?ngrpﬁ fier
(TWIA) . HBfe admawelisg grave | sulsevegtpl IfiponefTWEAUs ddheath ewrbmgil &f er ence
bet ween t | arge signal and rhe small sL%p%l at tQ§%iQ€ut W || .al ways
remain tfe St I—f)%g‘?/a&al&% Wt Gt 1 6F At ve, " SHe TowerCof SRRE2EHER si gnal
may be kdpi effsdtdd 85 the dDgsutighowetbanti sheytbbhlugnpeatt Ra pRer ati ng
poi nt of _the nonlinear anplifier. The output si%gal of the high power
amplifiert (1'ﬂ/\7rrlh‘)gfi LANPR o RReFAL Y A Mg e AR L EEriB7 and the
out put | @l SiETASRONGEEGH 69 Of Nof N G angrreast edoseparatel y.
In the calibrating curve as shown in Fig. 6a, the output power of the large
si gnal (WARIH Gatipppstheq@eal ths tHe d6iva i fanpoieansampbifiar! signal
has a negl i;g{ bl i i j | i fmdbhe 4npyt power of
22°9" oy 2000 e Targe 6 gado e e The Sl 1 Zornal I <

al so gi vebtesim faxiowwmnutipethepdwpus Asovier tife tlmdanr gegigmalb) In Fig.

6b, the in,of the |arge signal dt i f .the l,I signals are

gi ven as%g":l &uhnectfiroannso el?h%‘frlﬁ%ute%%hmorp%%fagt%ﬁ% é)rlé.g: S gnat?e? 19T he gr ound
station SHewnr rerp i fier Aanshe hdrorlidetaar Meying al aiis atefhredasi s of

sai d cle%p carrier, sjgnal f t& and sai d recpvered carriei siﬁnal f'(t) are
provi ded, %@ceﬁRﬁ?fgts HRHe R BaPti 3 SPRRI 5993 ahd@PRe @ ecover ed
carrier sdnasgddding RUther Bewsr eang 28 batpder kYghglt ke dMpiHe power of
sai d payl oad signal K fromreference val ues .and from said gain are provided.

The out pROTEIIELGRL IR NI hr et MR THE™S P8 Y sUifft3Ed to said
nmeans 28 Jvidesd VAN G die: | powd r ROMET s Adorsad shdiayd eade &1 aimabutplie reference
val ues are stored in and supplied from nmeans 29 for storing sald reference
val - ues. PREB NH Fef erence val ues have been pre-recorded for said
non-linear anplifier and represent a gain curve or transfer curve of said
non-linear anplifier over the input power of said payload signal, as

descri bediagiaddimg peetthe FHienttomnd 64 rstodnpyisa@idnaloike % gnal s have
been dis e Vv e es i .can erqat tively
easily. ql—%\f\aé}/ée;?l er%ea}llg?a‘g sékgena%sﬁ%’g{nl azll%zle |ean Eélf;ie lmsﬁo%log%gé?he
appar at ustesoxloredj minitoh idrd viezv eivtel aon-Pinpart emplofieru@ amd apsewrdo noi se
signal s-are wel | knovg€. to those %(lal& . rlllthaesart and ar descriged, for
exanpl e i B h IR ™ %1 t Featd S Fdiiiie it 2% and
Applicationsi's t¥emémierdidl thrdifi.the 2Dnhuviiya2(G@h dbmsell. 1 Met hod for
determ ni ng an operating point of a nonlinear anpl.ifli er§(2% of a

communi catTHN tSReT LY MLimerRs nfirst AapPus giarad Hl 4 SR SFewPRted

si mul taneqyshy M diap f%cfé‘dtﬁér%@sitﬂédz)aﬂ by Qlega1s BllloGOBRENh 6L OBEChannel
(1) and said operating point (PI, PO, of said non-linear anplifier (2) is
det er mi nethenfihet bagpst of i gma bl putIrsiohher @F)dsyf tdee dirgmuiruporati on

channel (1) carresponding tQ said,seco signal (i t he [ nput power (PI1)
of said fqlﬂsP%SFgﬁaFeFPTg Séﬂﬂ@isb%hl? E‘?w%gi 'gh?'féngli)“? nJe’éPuiingpf”]eirer (2) is
oper at ed :i,% 3fNeRe! iFReat @@ﬁa@n@%t heri fipelt coRYEIbE P3N 6F sReed second

signal . (i bei ng bel ow the input power (P01l) of said first signal (11).
2. Met hoPeReRd dimput oS kgdhn 12 therhs Fatdd 1iarit Gt el rerohiR€REnal

(12) is appsoXeiP OB QhalP! eche! etadLYRindt seithd idon-pigeak (11).

amplifier is determined almost only by the first input



3. Method according to any one of clains 1 or 2, wherein said second signal
(i2) is a pseudo noi se nodul ated clean carrier signal (s(t) - PN(t) x f(t))
and wherein said output signal (02) of said communication channel (1)
corresponding to said second signal (i2) is a recovered carrier signa
(f'(t)). 4. Method according to any one of clains 1 ore 2, W@p%eig aid
second signal (i2) is a clean carrief3signal (f(t)) and wher yg P out put
signal (02) of said comunication channel (1) corresponding to said second
signal (i2) is a narrowband filtered carrier signal (f'(t)). 5. Method

accor di g drix Janyrioaee fres| aih® olitpitd powber e'gg eekeespeRdyYRGuUEs are used
together wth said output signal (02) of said comrunication channel (1)
correspditf fEINd lgrprlvdy Gosiedsrgingdonasti gharngiy)byothet ermine the

oper at i R Podx spgi dofiOhid | LAt AR 8. Thudet by %9:%@!1%91 to claim
5, wherein said refe &nce val ues have been pre-recorded for said non-linear
anpl i fi dm dmpworpesporaf tthea flrgistdonalr geudessai vanbvatiomedn anplifier.

7. Appar i,.i_n per.at.i.ng i i nplifier
(2 o St ol Sl 3P Si8hal? P8 Binfle@ 0EDY OERLETT
t ransm tdheng eccaet dmbui gianali 2houidobghseme d16otubd cak i on wbaspel (1)
si mul t aneously. with first Signal (I bei transmtted thyou sai d
Commun, G i b EH PR CAEIRS. (95108 085 FOFSHet et #Tehah o
oper ati mhipoiind (Rlicdt@d ah $aied 1Ra8birneagionplhfi en £2). on wieckasi s of an
out put signal (02) of said conmuni cati on c¢chan eIdSI% corresponding to said
second SHHFR ¥ iDanshed ONFYE FoREPTEPFRYIRT ERE ORFPYE ROWRm@ICE13) being
such thain9ai d it diean arekikbheagb2hst StRPel @b ed poude NoR-4 i near node
and the input power (PO02) of said secaond signal (i2) being bel ow the input
power (R@BIofinguitd signgd -signal (11). 8. Apparatus according to claim7,
wherein said neans (23 to 29) for determ ning said operating point (Pl, PO
of said non-linear anplifier (2) on the basis of an output signal (02) of
sai d codysunrilcat idonlictedrede in( F.gc ol espobié¢ ngon-ol realr seemineh signal (i 2)
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second input signal caused by a variation of the input
power of the first input signal can be measured much easier
as long as the part op of the output signal O corresponding
to the second input signal iy can be separated from the
part O1 of the output signal O correspopding to the first

input signal Ij, as indicated in Fig. 1.

The separation of the contributions 07 and o2 of the first
and second input signals I and iy, respectively, in the
output signal O may be achieved in several different ways.
For example, if the first input signal I; is a FM or QPSK
signal, the second input signal i may be a pseudo noise
modulated clean carrier signal as will be explained further
below in greater detail. By correlating the output signal

with‘the pseudo noise signal used for generating the second



payl oad signal is transmtted at a predeterm ned | evel, conprising: -

generating a first pseudo noise signal PN(t); - nodulating a clean carrier
signal f(t) with said first pseudo noise signal PN(t) to generate a PN
nodul ated cl ean carrier signal s(t); - transmitting said PN nodul at, ed

clean carrier signal (s(t) simultaneously with said payl oad gi n Ehrough
sai d communi cati on channel at a |evel below the | evel of sai

signal; - receiving a receive signal s (t) corresponding to said PN
nodul ated cl ean carrier signal s(t) after having travel ed through said

or signal s(t) after having travel ed through said
First peodd toramtanyia SRR Brtia g REbled 6o s L Plivalett LPMEl gnal

f'(t); andeccdetredricairrgetrheigpaiatriepgepents thesautpuwonsignear ognplifier
of the conmmuni cation ch%nngb on thedbasistof.sai cle%g%carrier signal f(t)
and sai d FEESTEPEFEEPr F8r “8FgASCOPY tPRUT 389 Ret hod 4R c®Pding to claim 9,

wherei n t be teeveltiok, Sahd Phconduliapad €ieaalcestl@rb&iHnaiesht) is approx.
20 dB or nore below the |evel of said payload sjgnal, 11. Method according
to clai m E8XEMeET SiiAnphePPEIBY 6f fESAHCRRY n¥RFAt @M id®an carrier signal

s(t) is aagrt%io?z%tégn%fneﬁ@f Belkewdt mﬁpﬁevgilgeélsﬁﬂr@yfff +SigpgL- 12.

Met hod according to any one of clains 9 to , Wher'ein said first pseudo

noi se si gRagNANt ors exapphar hapdagds hvegeereyuenlsdde 3the Met hod accordi ng
to claim rei i debipar . u npi u i ted by
means of 3 PALATscana,He ot Ry ¥B35 LhpPE' SEaREl M A e GiBRhA U, Y
whi ch a séqdéroengf thal oespof aigselidd abi ke sfye@biency st Hrelde

second input signal the part oy of the second input signal

iog in the total output signal O can be determined.

According to the invention, the operating point of the non-
linear amplifier can be determined in different ways. If
the input power of the first and second input signal is
known the output power corresponding to these signals can
be measured and a transfer curve -or a gain curve, an
example being shown in Fig. 6b, can be obtained. If the
transfer curve or the gain curve is known, the input power
of the first input signal driving the non-linear amplifier
in a non-linear mode of operation can be determined by
transmitting a second input signal of a known input power
through the communication channel and measuring the output
power corresponding to the second input signal.

It should be noted that in the non-linear mode it is
difficult if not impossible to determine the input power of
the first signal from the output power of the first input
signal, especially if the non-linear amplifier is to be
opgrated in saturation, since even relatively large

variations in input power result in only slight wvariations



14. Method according to any one of clainms 9 to 13, wherein said correlating
of said receive signal s'(t) and said first pseudo noise signal PN(t) is
achi eved by delaying said first pseudo noise signal PN(t) is achieved by
del aying said first pseudo noise' signal PN(t) and multiplying the del ayed
first pseudo noise signal PN(t) and said receive signal s'(t% #] t hod
according to any one of clains 9 to 1§, wherein a gain is determmned on the
basis of said clean carrier signal f(t) and said recovered carrier signal
f'(t) and said gain is used to determne the input power of said payl oad

si gnal . 6. Oun#saﬁﬁg%ggr %tfhghgofg g{ﬁg}?na]\rm eesl necr ef er nce va{:ues are used

to derive fro gain Fnpuf powe sai 5i heX7 " Met hod
accor di ngnt amoi gubt §6exibesein saednbﬁﬁbiméEEEﬁéﬁiﬁﬁséwbﬁhdkﬁﬁbpre recor ded
fox said non-Ijpear agBHﬂ er and represent %ﬂal n curve or a transfer

curve ofSRLRERRLAT| REZRtafpPFf FaR BGefeERelD Hhakaike payl oad

signal . {8pulepbRéracafhdicNdnbfbagiioesey He Qieﬂiéﬁnﬁ'léd) id . o WaeFehnsaid
communi cation channel is a transponder of a communi cation satellite. 19.

Appar at useY®t @bt @REPHENGOHATobEr BERRYI PRI 3R B0 doitalls mefarinmptifier of a

conmmuni Lop gLohAr @ Pgich a payload signal is transmtted at a
predeteﬁﬁ%ned ?eve? bgonprﬁg?ﬁg 27 9 May 2002 - first pseudo noise

signal generating nmeans (9) for generating a pseudo noise signal PN(t); -

first fo a e rrier sigpnal (fd(t

W th s%%’%?gpgggﬁgdgﬁélg)sgos{:hp%%“?&} ‘0 tgleengl??t e ef%rs ul at fad f:l )ean
carrier Bhgnﬂirstt$ignaﬂrandn1thengfonangﬂkihpemhtxﬁ@ paimt rehsm tti ng
said PN q?dulaﬁg . cl ean caé %er S|$ a? it Si.mul aneg:sl Vgih sai d

payl oad STgnaP Tntotgh 84PY! AR T Pl Bw the

| evel oftlsai ﬂnp\aylp@de@ giathe- _sé@@l@diViﬂil_gJUmrgﬁla(Jl&ncﬂA')hé or receiving a
receive signal s'( correspondi ng t.o sald PN nodul ated cl ean carrier

si gnal s'é??n%f?’érc‘HEVFnﬁrtF § PRt t ArbYhl WaiddYe AFAFH cation channel ; and |,

- first goprelahi HPi8RaBE (A4) able CAES M AdNT S FEHRIMNR S A1t s' (1)
wi th said pseudo noise signal PN(t) to generate a recovered carrier signal

f'(t). 2bargppandtubeasmaldi hopeb 2ignad 19 ifvtdeeiseadnd |immit of said PN
modul at e&gﬁ%ﬁ“l&aérgﬁsli' gpaﬁﬁ(éém% Sr@PRPhe? & Q%tor rii}?.{te bel ow t he

| evel of s payl oad signa ar at us accor Ing to ai m 20, wherein
the | evetigiabai @s Pakpbdihatiegbeveantearejampls,gisl shawn iin eﬁlpgox 30 dB

or nore é),elffv \t_ll?g J)SiYS{JtOIJoag;:dopayljlgageécingf'%li'gnal is measured to

be Pyo,; the transfer curve B of the second signal ij
allows to determine the input power of the first signal I3
to be Pyjz without measuring the output power of the first

signal at all.

Over a long period the transfer curve and the gain curve
of the non-linear amplifier may change due to aging.
According to the invention, such a change of the transfer
curve can be detected by determining the operating point
of the non-linear amplifier on the basis of first and
second input signals Ij and ig the individual input powers
P;; and Py5 of which are known. By measuring the individual
output powers P,y and Pg2 corresponding to the first and

second input signal Ij and ip the operating point can be



22. Apparatus according to any one of clains 19 to 21, wherein said first
pseudo noi se signal generating neans (9) is a feed back shift register or a
menory device in which a sequence of values of a pseudo noise signal is
stored. 23. Apparatus according to any one of clainms 19 to 22, further
conprising first delaying neans (16) for delaying said firstgﬂﬁgﬁgﬁznoise
signal PN(t). 28 9 May 2002 24. Appgy atus according to any one of clains
Z9 to 23, further conprising neans (17) for determning a gain on the
.basis of said clean carrier signal f(t) and said recovered carrier signal

f'(t). 25. aratus according.to claim?24, further .conprising, neans (18)
for derid\ﬁtﬁgf\%{i raé’fder%{?,%a‘?/%qiuﬁosgﬁﬁ PPERASANG &éﬁlﬁ’%t [Renid Jower of
sai d payrRath$igns e AR AbHScaever doRgahy Gtaigp 25, conprising nmeans
(19) for storin% sai d reference val ues having been pre-recorded for said
non- | i n&gPassItRtdommid 9% Ekenting a gain curve or transfer curve of
said non-linear anplifier over the input power of said payload signal.

. ASN_. ANS. A&SL. Af. A. Ay. A L. AN . A . Aa. A&u. A" Ne. AL. AN. A&y. A. A9% ANE . A&uy
A2 A Asy esPIAIN AlhsARSPeRSt ASE the invention in some further

detail, Fig. 3 shows a diagram representing a gain
difference between the first signél and the second signal,
i.e. gaingpal] - gainjayger Plotted over the input power of
the first signal. If an operating point (PIa, Poa) is
determined as described above which is not on the pre-
recorded curve C, aging of the non-linear amplifier has
caused a shift of the curve, indicated by curve C'.
Although not shown in Fig. 2, a similar shift can also be

seen in the transfer curve of the non-linear amplifier.

For the purpose of describing a more specific embodiment of
the invention, but without limiting the invention to this
application, Fig. 4 shows the components of a transponder
in a communication satellite as an example for a

communication channel.

A transponder of a communication satellite comprises a
receiving antenna 11 for receiving an uplink signal (= the
first input signal) sent from a uplink ground station (not
shown). An output signal of said receiving antenna 11 is
fed to an input demultiplexer (IMUX) 13 after frequency
conversion in frequency converter 12. Said input
demultiplexer 13 comprises several first filters 14-1 to
14-n for separating individual signals within the signal
from the antenna. Typically, one filter is provided for

each signal to be separated from the other signals received
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amplifiers having a transfer curve and gain curve as

indicated by curves A in Fig. 6a and 6b, respectively. If
not set to a linear mode the driver limiter amplifiers 15a-
1 to 15a-n are either limitihg or amplifying the input
signal received from the input demultiplexer 13 before
being fed to the respective high power amplifier. The
amplifier output signals are passed through sécond filters
16-1 to 16-n which are part of an output multiplexer (OMUX)
17 combining the n amplifier output signals. The output
signal of said output multiplexer 17 is fed to a
transmitting antenna 18 for being transmitted to the

desired area on the ground.

The operating point of each of said high power amplifiers
15b-1 to 15b-n depends on the payload signal (the first
input signal) from the uplink ground station, which signal
should be such that the amplifier is driven in saturation
in order to achieve maximum output power. Within
predetermined limitations, the driver limiter amplifiers
15a-1 to 15a-n can be set such that each of said high power
amplifiers is operated in its saturation point. For the
measurement described below the driver limiter amplifiers

are set to linear operation.
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According to the invention, in a ground station (10) as
shown in Fig. 5, a pseudo noise signal PN(t) is generated
by means of a pseudo noise signal generator 19, for example
a feed back shift register or a memory device in which a
sequence of values of a pseudo npise signal is stored. The
pseudo noise signal PN(t) has a very sharp autocorrelation
function at zero delay. This allows to determine the time
delay between the locally generated pseudo noise signal
PN(t) and a received signal which is delayed due to the
propagation time. A clean carrier signal f(t) is modulated
with said pseudo noise signal PN(t) by means of a first
multiplier 20 to form a PN modulated clean carrier signal
s(t) = PN(t) x f(t). The PN modulated clean carrier signal
s(t) is fed to an upconverter 21 and via a high power
amplifier 22 to an antenna 23 which transmits the PN
modulated clean carrier signal s(t) (= the second input
signal) to the transponder of the communication satellite
under test. However, from the viewpoint of a user
transmitting a payload signal to the satellite, the
transponder remains usable during the test and can be

continuously supplied with a payload signal.

According to the invention, the level of the transmitted PN
modulated clean carrier signal s(t) is sufficiently below
the level of the payload signal, for example about 20 to 30
dB or more, such that the payload signal is not notably
deteriorated. For this reason, the PN modulated clean
carrier signal s(t) can be transmitted while the

communication channel is in use, i.e. simultaneously with a
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payload signal being transmitted to the transponder of the

satellite from the same or from another ground station.

In the embodiment, antenna 23 is also used to receive the
signal re-transmitted by the transponder of the satellite,
in other words the signal which has traveled through the
communication channel. The output signal of antenna 23 is
passed through a downconverter 24 to obtain a receive
signal s'(t) which is fed to a second multiplier 25
receiving also the same but delayed pseudo noise signal
PN(t). The delay is generated by delaying means 26 which
are set such that the output' of the second multiplier 25
becomes maximum. Thereby, the receive signal s'(t) is
multiplied, in other words correlated with the very same
pseudo noise signal PN(t) which has been used for
generating the PN modulated clean carrier signal s(t) and
a recovered carrier signal f'(t) is obtained which is only
delayed and attenuated in comparison with the clean
carrier signal f(t) The path attenuation is constant as
free space loss does practically not vary with the
distance between the satellite and the ground station.
Since atmosperical attenuation can be measured with
radiometers, it can be taken into account as well as the
gain of the ground station antenna at the corresponding
frequencies. Thus, the input power of the clean carrier
signal f(t) and the output power of the recovered carrier
signal f'(t) can be measured to determine the gain of this
signal. The input power of the payload signal is
determined on the basis of said gain and of reference

values or calibration curves, which are shown in Fig. 6a
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and 6b and which will be explained in greater detail

further below.

If for example as shown in Fig. 6b the gain of the small
signal is measured to be -4 dB the input power of the
large signal is -1 dB. Here it should be noted how
powerful this measurement is compared to measuring the
output power: while the output power of the large signal
changes by less than 0.05 dB for the input power varying
from O dBW to -1 dB, the gain of the small signal varies
by almost 2 dB. '

In Fig. 6a, transfer curves for a large signal (A) and
three small signals (Bj, By, B3) over a traveling wave
tube amplifier (TWTA) are shown. For simplicity, the
values are given relative to the saturation point of the
amplifier. This means that in Fig. 6a 0 dB input power
corresponds to O dB output power. The three small signals
(B1, By, B3) are 20 dB, 30 dB, and 40 dB below the large
signal, respectively. In Fig. 6b, gain curves for the
large signal (A) and the three small signals (B3, By, B3)
are shown. Again, the values are given relative to the
saturation point of the amplifier so that in Fig. éb 0 dB
input power corresponds to O dB gain. As the gain of the
small signals does not depend on the input power
difference relative to the large signal but only on the
input power of the large signal, the gain curves for the
three small signals overlap completely. The above
described transfer curves and gain curves, shown in Fig.
6a and 6b, are obtained as calibration curves for each

amplifier in the satellite in order to determine the



10g 910% & ()-& 10% & ()-&10% & () -9

109 & () -y#10% & ()-910% & () - >>?=?X???dEYNC85 10g 9m

109% & ()-9' 109 & ()-&10% & ()-9sg 10% & ()-9 109 & ()-9Lgl0% & () - ??

@@ @@PBQBRBAE; / 10" 10"9-g 10% & ()-3

9% GLO% & () - 2& MLO% & () - 9@GLO% & () - 9@LO% & () - 9! 10% & () g RRSBYR3BEXFHH
rPB4 10 10LL 10LL!b% "10%L& ()-!% 91

"10999& ()-! +@ ys$10%&' () - #10%&' () - 10%&' ()- 10" HHHHSKQWAORO O QuVK@

operating point of the individual amplifier later on.
Advantageously, the calibration curves are recorded in the
form of reference values which are stored in appropriate
storage means for being used in determining the operating

point of the non-linear amplifier.

For measuring the calibration curQes, a large signal and a
small signal are generated where the small signal is for
example 20 dB, 30 dB, or 40 dB below the large signal. The
large and the small signal may be a clean carrier or the
large signal may be a FM or OPSK modulated signal to come
as close as possible to real operation conditions and the
small signal may be a pseudo noise modulated clean carrier
signal. Both signals, i.e. the large and the small signal,
are combined and transmitted to the transponder. The total
input signal received by antenna 11 is fed to the input of
the high power amplifier (TWTA). The combined signal is
swept in power, thus the level difference between the large
signal and the small signal at the input will always remain
the same. However, as an alternative, the power of the
small signal may be kept constant as it does not
substantially influence the operating point of the non-
linear amplifier. The output signal of the high power
amplifier (TWTA) is fed to antenna 18 via output
demultiplexer 17 and the output levels corresponding to

both input signals are measured separately.

In the calibrating curve as shown in Fig. 6a, the output
power of the large signal (which is almost equal to the
total output power as the small signal has a negligible

contribution) is given as a function of the input powef of
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the large signal. The odtput power of the small signal is
also given as a function of the input power of the large
signal. In Fig. 6b, the gain of the large signal and the
gain of the small signals are given as a function of the

input power of the large signal.

In the ground station shown in Fig. 5, means 27 for
determining a gain on the basis of said clean carrier
signal f£(t) and said recovered carrier signal f'(t) are
provided, receiving both the clean carrier signal f(t) and
the recovered carrier signal f;(t). Furthermore, means 28
for deriving the input power of said payload signal from
reference values and from said gain are provided. The
output of said means 27 for determining a gain are supplied
to said means 28 for deriving the input power of said
payload signal. The reference values are stored in and
supplied from means 29 for storing said reference values.
The said reference values have been pre-recorded for said
non-linear amplifier and represent a gain curve or transfer
curve of said non-linear amplifier over the input power of
said payload signal, as described with respect to Fig. 6a
and 6b.

Only pseudo noise signals have been discussed above because
these signals can be generated comparatively easily.
However, true noise signals can be used in the method and
the apparatus according to the invention. Properties of
true and pseudo noise signals are well known to those
skilled in the art and are described, for example in
Bernard Sklar, "Digital Communications - Fundamentals and

Applications", Prentice Hall, 1988.
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CLAIMS
1. Method for determining an operating point of a non-

linear amplifier (2) of a communication channel (1) wherein
a first signal (I1) is transmitted simultaneously with a
second signal (i) through said communication channel (1)
and said operating point (Pp, Pg) of said non-linear
amplifier (2) is determined on the basis of an output
signal (op) of said communication channel (1) corresponding
to said second signal (ip), the input power (Pyj1) of said
first signal (Ij) being such that said non-linear amplifier
(2) is operated in a non-linear mode and the input power
(Pp2) of said second signal (ip) being below the input
power (Pgy) of said first signal (I7).

2. Method according to claim 1, wherein the level of said
second signal (ip) is approx. 20 dB or more below the level
of said first signal (Ij).

3. Method according to any one of claims 1 or 2, wherein
said second signal (ig) is a pseudo noise modulated clean
carrier signal (s(t) = PN(t) x f(t)) and wherein said
output signal (o0p) of said communication channel (1)
corresponding to said second signal (ip) is a recovered
carrier signal (f'(t)).

4. Method according to any one of claims 1 ore 2, wherein
said second signal (ip) is a clean carrier signal (f(t))
and wherein said output signal (o2) of said communication
channel (1) corresponding to said second signal (i) is a
narrowband filtered carrier signal (f'(t)).

5. Method according to any one of claims 1 to 4, wherein
reference values are used together with said output signal
(ozi of said communication channel (1) corresponding to
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said second signal (ig)'to determine the operating point of
said non-linear amplifier.

6. Method according to claim 5, wherein said reference
values have been pre-recorded for said non-linear amplifier
and correspond to a transfer curve of said non-linear
amplifier.

7. Apparatus for determining an operating point of a non-
linear amplifiér (2) of a communication channel (1)
comprising means (19 to 23} for transmitting a second
signal (i) through said commuhication channel (1)
simultaneously with a first signal (I1) being transmitted
through said communication channel (1) and means (23 to 29)
for determining said operating point (P7, Pg) of said non-
linear amplifier (2) on the basis of an output signal (o2)
of said communication channel (1) corresponding to said
second signal (ip), the input power (Prj) of said first
signal (I1) being such that said non-linear amplifier (2)
is operated in a non-linear mode and the input power (Pg2)
of said second signal (i) being below the input power
(Pp1) of said first signal (I7).

8. Apparatus according to claim 7, wherein said means (23
to 29) for determining said operating point (Py, Pg) of
said non-linear amplifier (2} on the basis of an output
signal (o) of said communication channel (1) corresponding
to said second signal (ip) comprise means (29) for storing
reference values to be used together with said output
signal (o02) of said communication channel (1) corresponding
to said second signal (ip) to determine the operating point
of said non-linear amplifier.

9. Method for determining an operating point of a non-
linear amplifier of a communication channel through which a
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payload signal is transﬁitted at a predetermined level,
comprising:

- generating a first pseudo noise signal PN(t):;

- modulating a clean carrier signal f(t) with said first
pseudo noise signal PN(t) to generate a PN modulated clean
carrier signal s(t):

- transmitting said PN modulated clean carrier signal
(s(t) simultaneously with said payload signal through said
communication channel at a level below the level of said
payload signal:

- receiving a receive signal s'(t) corresponding to said
PN modulated clean carrier signal s(t) after having
traveled through said communication channel;

- correlating said receive signal s'(t) with said first
pseudo noise signal PN(t) to generate a recovered carrier
signal f'(t); and

- determining the operating point of said non-linear
amplifier of the communication channel on the basis of said
clean carrier signal f£(t) and said recovered carrier signal
£'(t).

10. Method according to claim 9, wherein the level of said
PN modulated clean carrier signal s(t) is approx. 20 dB or
more below the level of said payload signal.

11. Method according to claim 10, wherein the level of
said PN modulated clean carrier signal s(t) is approx. 30
dB or more below the level of said payload signal.

12. Method according to any one of claims 9 to 11, wherein
said first pseudo noise signal PN(t) is a binary pseudo
noise sequence.

13. Method according to claim 12, wherein said binary
pseudo noise sequence is generated by means of a feed back
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values of a pseudo noise signal is stored.

14. Method according to any one of claims 9 to 13, wherein
said correlating of said receive signal s'(t) and said
first pseudo noise signal PN(t) is achieved by delaying
said first pseudo noise signal PN(t) is achieved by
delaying said first pseudo noise’ signal PN(t) and
multiplying the delayed first pseudo noise signal PN(t) and
said receive signal s'(t).

15. Method according to any one of claims 9 to 14, wherein
a gain is determined on the basis of said clean carrier
signal f(t) and said recovered carrier signal f'(t) and
said gain is used to determine the input power of said
payload signal.

16. Method according to claim 15, wherein reference values
are used to derive from said gain the input power of said
payload signal.

17. Method according to claim 16, wherein said reference
values have been pre-recorded for said non-linear amplifier
and represent a gain curve or a transfer curve of said non-
linear amplifier over the input power of said payload
signal.

18. Method according to any one of claims 9 to 17, wherein
said communication channel is a transponder of a
communication satellite.

19. Apparatus for determining an operating point of a non-
linear amplifier of a communication channel through which a
payload signal is transmitted at a predetermined level,
comprising:
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generating a pseudo noise signal PN(t});

- first modulating means (10) for modulating a clean
carrier signal (f}t) with said first pseudo noise signal
PN(t) to generate a PN modulated clean carrier signal s(t):;
- transmitting means (11, 12, 13) for transmitting said
PN modulated clean carrier signal,s(t) simultaneously with
said payload signal through said communication channel at a
level below the level of said payload signal;

- receiving means (13, 14) for receiving a receive
signal s'(t) corresponding to said PN modulated clean
carrier signal s(t) after having traveled through said
communication channel; and

- first correlating means (14) for correlating said
receive signal s'(t) with said pseudo noise signal PN(t) to
generate a recovered carrier signal f'(t).

20. Apparatus according to claim 19, wherein the level of
said PN modulated clean carrier signal s(t) is approx. 20
dB or more below the level of said payload signal.

21. Apparatus according to claim 20, wherein the level of
said PN modulated clean carrier signal s(t) is approx. 30
dB or more below the level of said payload signal,

22. BApparatus according to any one of claims 19 to 21,
wherein said first pseudo noise signal generating means (9)
is a feed back shift register or a memory device in which a
sequence of values of a pseudo noise signal is stored.

. 23. BApparatus according to any one of claims 19 to 22,
further comprising first delaying means (16) for delaying
said first pseudo noise signal PN(t).
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24, Apparatus according to any one of claims 19 to 23,
further comprising means (17) for determining a gain on the
basis of said clean carrier signal f(t) and said recovered
carrier signal f£'(t).

25. Apparatus according to claim 24, further comprising
means (18) for deriving from reference value sand from said
gain the input power of said payload signal.

26. Apparatus according to claim 25, comprising means (19)
for storing said reference values having been pre-recorded
for said non-linear amplifier and representing a gain curve
or transfer curve of said non-linear amplifier over the
input power of said payload signal.



